on the portions of duct cell membranes that interdigitated with neighboring duct cells. These fmdings suggest that the function of HLA-DR molecules may vary with their location and distribution, On the LC surface, the evenly distributed molerules seem to be well suited for promoting ''accessory cell" funaions. On duct cell surfaces, the HLA-DR moled e s present along the intercellular spaces may be involved 1 in trapping various peptide antigens that pass into the sweat gland fdtrate and then are reabsorbed by the excretory duct, since these molecules have a highly permissive capacity for binding various peptides. (JHistochem Cytochem 40:1191-Scanningelectronmiaoscopg(SEM)withi"unogoldkb$ing was employed to observe the undesurf?ce of the human epidermis &er it was split ftom dermal COM&W tissue, in an attempt to localize the moleales actuaUy # on cell/tissue surfaces. We found that human leukocyte antigen-DR (HLA-DR) molecules were enpressed on the sur-faQs of eccrine duct cells as well as those of epidermal Langerhans cells (LC) in normal skin. HLA-DR molecules, visualized by the deposition of gold particles, were distributed evenly on the LC surface but were present only along the interdigitating borders of the individual duct cells, thus producing a meshwork pattern on the duct surface. Transmission electron microscopy confirmed that the gold particles labeling cell surface HLA-DR molecules were seen only
Introduction
There are obvious advantages of using scanning electron microscopy (SEM) combined with an immunological labeling technique to study the topological distribution of membrane-bound molecules such as cell surface antigens, receptors, and adhesion molecules @), because the cell surface distribution of such molecules cannot be effectively determined by light or electron microscopic studies of tissue cross-sections. However, SEM analysis has previously only been applied to cells/tissues with a free surface, such as peripheral blood cells, the luminal surface of the epithelium or endothelium, and cells in culture (8,9,18). The cellltissue surfaces covered with stromal connective tissue, including the epidermal-dermal interface, have not yet been studied, although the interaction of cells and tissues with the surrounding stroma is mostly mediated by the molecules expressed on such cellltissue surfaces entails splitting the epidermis from the dermal connective tissue (16) and immunogold labeling.
In normal skin, Langerhans cells (LC) have been regarded as the only cells that constitutively express class I1 major histocompatibility complex (MHC) or la molecules (1 425). Keratinocytes do not normally express these molecules, but can do so in certain pathological conditions (2,3,5) through the induction of y-interferon produced by lymphocytes (11) . However, in a series of SEM studies combined with immunogold labeling that surveyed the undersurface of the epidermis, we found the constitutive expression of human leukocyte antigen-DR (HLA-DR) molecules on the surfaces of eccrine excretory duct cells as well as on epidermal LC. Our immuno-SEM method has revealed that the distribution of HLA-DR molecules differs between duct cells and LC, providing the first data on their surface characteristics at the ultrastructural level.
(1). This can be attributed to the difficulty in preserving the antigenicity of surface molecules together with the u~uastructurd threedimensional architecture of a cell/tissue surface interdigitating with stromal connective tissue. Therefore, we have developed a method
Materials and Methods
Materials. The specimens used in this study were normal skin obtained from the abdomen of a 38-year-old female during liposuction surgery and plantar skin of a 49-year-old female, and the sole of a 73-year-old male. The operations in the latter three cases were excision of a congenital pigmented nevus, excision of an acquired pigmented nevus, and excision of squamous cell carcinoma, respectively. for preparing the epidermal undersurface for studies* which donor skin remnants removed from the p& of a 5-year-old female, the To whom correspondence should be addressed. Processing of the Specimens. Each specimen was cut into six pieces and processed as follows. One piece was snap-frozen in liquid nitrogen for immunohistochemistry using cryostat sections, one piece was fived with phosphate buffer containing 2.2% formaldehyde and stained with hematoxylin and eosin for light microscopy, one piece was processed for conventional transmission electron microscopy (TEM) by fixing with 3% glutaraldehyde and 1% osmium tetroxide, and the other three pieces were processed as described below. no1 series, and embedded in Epon 812 resin. Thin sections were stained with lead citrate and uranyl acetate and examined with a Hitachi H-7000 TEM. For SEM, the other half of each specimen was immersed for 1 hr in 1% tannic acid for conduction staining, and then dehydrated using the t-butyl alcohol freeze-drying method (17) without osmication. Preparations were mounted on specimen holders with the epidermal surface downward so as to observe the basal surface of the epidermis, and were examined with a JEOL T-880 apparatus. Negative controls were provided by omittinR the primary monoclonal antibody, while an anti-CD-la (OKT-6) murine monoclonal antibody (Coulter Immunology, Hialeah, E, diluted 140) was used as the primary antibody for positive controls.
Immune-SEM and Immuno-'EM. For observation of the basal surface of the epidermis and its appendages, three pieces of each skin specimen were incubated with 20 mM ethylenediaminetetraacetic acid in Hanks' balanced salt solution (22) at O' C for 6-12 hr to split the epidermis from the dermal connective tissue. All steps of the procedure were carried out at O' C until fixation was completed. After separation from the connective tissue, epidermal sheets including the skin appendages were rinsed in PBS supplemented with 0.6% bovine serum albumin (BSA) and 0.4% heatinactivated human AB serum for 30 min to block nonspecific immunoreactions. The epidermal sheets were then incubated for 2 hr with a 140 dilution of an anti-HLA-DR murine monoclonal antibody (Becton-Dickinson Immunocytometry Systems; Mountain View, CA). Additional rinses with PBS containing BSA and human AB serum were followed by a second incubation, this time with biotinylated anti-murine IgG (Immunotech; Marseilles, France) for 1 hr. Specimens were rinsed again with the same buffer solution and then incubated for 2 hr with a 1:25 dilution of streptavidin adsorbed to IO-nm colloidal gold particles (GAM-GlO; Amersham, Amersham, UK). The specimens were then fued with 3% glutaraldehyde buffered with PBS and cut into WO pieces. For TEM, one half of each specimen was post-fixed with 1% osmium tetroxide, dehydrated with a graded etha-
Results
The procedures employed in the present study enabled us to observe relatively large areas of the basal surface of the epidermis and skin appendages in both the secondary electron image (SEI) mode and the back-scattered electron image (BEI) mode ( Figure 1 ). Gold particles labeling HLA-DR molecules could be visualized in the BE1 mode at the cost of a reduction in resolution. They were deposited on the dermal portions of eccrine excretory ducts as well as on dendritic cells in the epidermal basal layer (Figures 1 and  2) . The positive control study with anti-CD-la (OKT-6) antibody showed that CD-la molecules were also present on the surfaces of some dendritic cells but not on the eccrine ducts. No gold particles were detected on the surface of the epidermis or on the appendages in the negative control study (Figure 3) . It was of interest that the deposition in eccrine ducts was relatively dense but occurred only along the borders of the individual basal cells, thus producing a meshwork pattern on the ductal surface. Cross-sectional views of the ducts that were torn across during the splitting procedure showed that gold deposits were also present in the cytoplasm (Figure 2 ). It was also noted that HLA-DRbearing dendritic cells were sometimes present in close proximity to round lymphocytes, which rarely expressed the HLA-DR molecules on their surfaces in normal skin (Figure 1 ). TEM studies demonstrated that the dendritic cells exhibiting gold particles contained Birbeck granules in their cytoplasm (Figure 3d ).
Observation by TEM confirmed the SEM findings. The epidermis, including its appendages, was exposed without injury and its ultrastructure was found to be preserved almost to the degree obtained by standard immersion-fixation. The gold particles labeling HLA-DR molecules showed a granular pattern on LC membranes, but in the eccrine ducts they were distributed individually along the portions of the cell membrane that interdigitated with neighboring cells, and no particles were found on the stromal surfaces of the duct cells ( Figure 4 ).
Discussion
We applied SEM with immunogold labeling to the undersurface of the epidermis to localize the molecules present. This new approach may be useful for studying the interactions between the epithelium and stroma that are mediated mostly by the molecules expressed on the surface facing the stroma (1) . The technique designed for such study requires tissue processing with no loss of antigenicity, dislocation of the molecules, or disintegration of the fine structure. For the epidermal splitting from the dermal connective tissue, we therefore used a chelating agent instead of enzymes such as trypsin or dispase. Furthermore, all steps from separation to the end of the immunolabeling procedure were done at 0°C. The superior preservation of antigenicity by processing tissue without using chemical fixatives has been proven. This is because the antigenicity of cell surface molecules depends largely on constituents which are also the sites affected by enzymes or chemical fixatives (12.19 ). The artifactual dislocation and disintegration that can occur without fixatives can be substantially minimized by decreasing the temperature at which processing is performed (7,14) . Low temperature reduces the physical mobility of the plasma membrane lipid bilayer and thus minimizes the dislocation of molecules integrated within it. In addition, low temperature inactivates the chemical and/or enzymatic processes involved in the expression and distribution of these molecules. Observation by TEM confirmed that the fine structure of the epidermal constituents and infiltrates was preserved almost to the degree obtained with standard immersion fixation. In addition, little dislocation of the membrane-bound molecules was apparent in the preparation. The distribution of gold particles labeling the membrane-bound molecules shown in the present study resembled that found previously using blood cells and tissues processed for direct observation (10) .
We have shown that HLA-DR molecules (detected using an im- A survey view shows that when the primary antibody was omitted no gold particles were detected on the epidermal undersurface. (b) Gold particles labeling CD-la decorated dendritic cells and their processes (double arrows, upper left corner) exposed on the epidermal undersurface. There is also a dendritic cell (long arrow, lower right corner) without gold particles, other cells that are probably melanocytes, and a round lymphocyte (short arrow, center). (c) A TEM micrograph confirms that the basal keratinocytes were exposed without injury and that their ultrastructural components, such as membranes, half desmosomes, and filaments, were well preserved. Gold particles labeling HLA-DR molecules are not seen on the keratinocytes under normal condition. munolabeling technique) were present on the surfaces of eccrine excretory duct cells as well as on LC in the normal epidermis. In the normal mammalian host, it has been established that the constitutive expression of class I1 MHC or la molecules is usually limited to lymphoid cells such as macrophages, dendritic cells, B-cells, and activated T-cells. but is also noted in some epithelial lining cells (21.25.26). Several immunohistochemical studies have previously shown a positive reaction of human eccrine ducts to anti-class I1 MHC antibodies (20), but whether such molecules were actually expressed on the cell surface has remained uncertain. Therefore, dendritic LC have been widely regarded as the only cells that express these molecules in normal mammalian skin (11.24). This may be attributable, in part, to the absence of eccrine sweat glands in hair-bearing animals such as mice, rats, rabbits, guinea pigs, and dogs, except in the palmar and plantar skin where the tissue architecture is similar to that of human skin (15). However, the most critical problem is the difficulty in localizing the molecules expressed on cellltissue surfaces that are embedded in or covered by stromal connective tissue. Immuno-SEM detects only the molecules that are present at the cellltissue surface. By utilizing our method, it was therefore possible to directly observe the distribution of certain molecules actually expressed on the epithelial undersurface interdigitating with stromal tissue, together with the three-dimensional architecture of this surface. The finding that HLA DR molecules were expressed only on the intercellular surfaces of the ductal cells, whereas they were distributed evenly on the LC surface, suggests that they have a different function in the eccrine excretory ducts. Since eccrine ducts actively reabsorb peptides as well as water [like the proximal tubules of the kidney, which also constitutively express la antigens (13)], the HLA-DR molecules on the ductal cell surface would be exposed to any antigens that pass into the sweat gland filtrate and are then . I a . reabsorbed by the duct. There are increasing data that class I1 MHC molecules have a highly permissive capacity for binding to many seemingly different peptides, and that not all antigen-la interactions elicit T-Eell responses because la molecules do not distinguish between self and non-self (4,6,23). Given the promiscuous nature of antigen-la binding, the relatively dense HLA-DR expression along the interspaces of eccrine duct cells, sparing their stromal surfaces, may have a role in trapping the various peptide antigens that are reabsorbed and pass through the interspaces of the duct. In contrast, the evenly distributed HLA-DR molecules on the LC surface seem to be well suited for promoting the "accessory" functions of such antigen-presenting cells.
